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ABSTRACT

A magnet for use in a bearing, such magnet preferably
having a cylindrical bore to receive a shaft and ferro
fluid between the shaft and the bore walls. The magnet
is magnetized with its internal magnetization radially
directed relative to the axis of the bore.

4. Claims, 4 Drawing Figures
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2
permanent magnet materials may be used, however, at
considerably lower flux fields.

MAGNET STRUCTURE

The sleeve is either fabricated in axial slices or is cut

This is a division of application Ser. No. 62,197, filed
July 30, 1979, now abandoned and of application Ser.
No. 209,628, filed Nov. 24, 1980.
BACKGROUND OF THE INVENTION

In recent years, bearing assemblies such as those dis
closed in U.S. Pat. Nos. 3,726,574; 3,746,407; 3,891,282

and 3,918,773 have self-contained fluid pools. Those
patents are assigned to the same assignee as the present
invention. Such fluidic, low friction self-contained bear
ings are made possible by the development of magneti
cally responsive magnetizable fluid given the name

O

enhanced by the increase in magnetic field intensity

15

ferrofluid by its developer, Dr. Ronald E. Rosensweig.
Ferrofluid is described in Rosensweig's "Progress in
Ferrohydrodynamics,' Industrial Research, October,

hollow cylindrical magnet with its pole faces on the

therein is a dispersion of colloidal magnetic particles in 20
a liquid carrier. These particles tend to align themselves
with applied magnetic fields. It should be noted from
the description of ferrofluid that ferrofluid need not
necessarily contain iron or ferrous-type metal. It is only
necessary, for a fluid to be so-called, that the fluid be 25
magnetizable or capable of being influenced by mag
netic fields. The term "magnetic fluid” is used inter
changeably herein with the term "ferrofluid'.
The bearings described in the above-identified letters
patent each concentrate the magnetic field at particular 30
axial positions along the shaft to produce a seal for the
ferrofluid. Typically vanes, or the like, are used to dis
tribute ferrofluid on the bearing surface to maintain a
sufficient fluid thickness to support or lubricate the
35
bearing.
More recently the assignee has filed U.S. patent appli
cation Ser. No. 34,549 on Apr. 30, 1979, now U.S. Pat.
No. 4,254,961 which issued Mar. 10, 1981 for a "Seal for
a Fluid Bearing', by Rena Fersht, et al. The bearing
shown and described in that patent application also
concentrates the magnetic field at the seal points, but
the structure may be modified according to this inven
tion.
45

having both radial and axial components, between the
bearing and the shaft. The axial components are di
rected inwardly toward the center of the bearing, and
the ferrofluid is held within the bearing. The opposing
surfaces of the shaft and bearing may be contoured or
smooth at the option of the designer.
To produce the desired magnetic field configuration,
the bearing sleeve is magnetized with the pole faces on
the outer and inner surfaces of the sleeve instead of the
usual practice of placing the poles on the ends of the
cylinder. The internal magnetization of the sleeve is
radially directed.
To produce a cylindrical sleeve having a high inten
sity magnetic field in a small volume and having the
pole faces on the outer and inner surfaces, the sleeve
may be made of platinum cobalt alloy or rare earth
cobalt alloys such as samarium cobalt alloys. Other

It is an object of this invention to provide a perma
nent magnet which is useful in the bearing described
herein.
BRIEF DESCRIPTION OF THE DRAWINGS

Other objects will become apparent from the follow
ing description, taken in connection with the accompa
nying drawings, in which:
FIG. 1 is a profile view of a bearing and shaft accord
ing to this invention;
FIG. 2 is an end view of the apparatus of FIG. 1;

FIG. 3 is a sectional view taken at 3-3 in FIG. 2 and

diagramming the magnetic field of the cylindrical mag
net; and

FIG. 4 is a profile view of a typical electromagnet
magnetizing an axial slice of a cylindrical sleeve to
produce pole faces on the inner and outer surface of an
assembled cylinder.
DETAILED DESCRIPTION OF THE
INVENTION

The ferrofluid bearing of this invention uses a perma
nent magnet bearing structure 10 which preferably has
a generally circularly cylindrical shape. The apparatus
is not limited, however, to a circular shape. The struc
ture 10 is shown as a right circular cylinder having a
coaxial right circular cylindrical bore therein for receiv
ing a shaft 12 and a space containing ferrofluid 14 there
between. The ferrofluid 14 serves as a lubricant be
tween the shaft 12 and the surface 18 of the bore. 20.

BRIEF DESCRIPTION OF THE INVENTION

The ferrofluid bearing of this invention uses a mag
netic sleeve as a bearing for a shaft. The magnetic sleeve
is a permanent magnet which produces a magnetic field,

within the region between the shaft and bearing.
It is a primary object of this invention to provide a

inner and outer surfaces thereof.

1970, Vol. 12, No. 10, 36-40. Ferrofluid as defined

The above-mentioned fluid bearings use magnet
structures of various configurations which are different
than the magnet structures used in this invention.

into axial slices. The slices are each magnetized by plac
ing them into an electromagnetic field which is poled to
induce permanent magnet pole positions on the outer
and inner surface of the slices. The slices are then assem
bled or reassembled into a cylindrical sleeve.
The shaft may be either ferromagnetic or nonferro
magnetic. In a typical embodiment the shaft may have a
thin layer of ferromagnetic material on its outer surface.
If the shaft has ferromagnetic material, the operation is

50
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The bearing 10 and shaft 12 may rotate relative to
each other, but it is not important which rotates. Both
may rotate if desired.
The bearing 10 is magnetized with a polarity configu
ration wherein the pole faces are on the outer surface 16
and the inner surface 18 thereof. Such polarity configu
ration produces a magnetic field having both radial and
axial components within the ferrofluid 14, and the axial
components are directed toward the center of the bear
ing bore 20. The magnetic field is indicated at 24 in
FIG. 3. The magnetic field holds the ferrofluid 14
within the bore 20.
The shaft 12 may be of ferromagnetic material which
enhances the magnetic field intensity in the ferrofluid
14. It need not, however, be of such ferromagnetic
material. In one preferred embodiment, only the surface
of the shaft is covered with ferromagnetic material.

Most of the bearing support occurs near the ends of
the bore 20. To reduce power loss due to viscous damp

ing, the diameter of the shaft 12 optionally may be re

duced near the center of the bore 20 in the region 22.
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To magnetize cylindrical member 10, the member 10
is axially sliced into slices 10a, 10b, 10c, 10d., 10e, 10f,
10g, 10h, and disassembled for magnetizing. Alterna

4.

rior of said bore forming one of said poles, said
bore having an axis of symmetry;
said structure being divided circumferentially of said
bore into a plurality of substantially contacting
circumferential segments each having an inner
surface which is a circumferential segment of the

tively, the slices 10a, 10b, 10c, 10d., 10e, 10f 10g, and
10h, may be fabricated into the shape shown in FIG. 4.
For example, the slices may be cast or forged, or they
cylindrical surface of said bore;
may be made by powder metallurgy techniques. After
all of said segments being magnetized along their
the slices 10a, 10b, 10c, 10d, 10e, 10f 10g, 10h, have been
entire length and about the entire portions of said
magnetized, they are assembled or reassembled into the 10
circumference with their internal magnetizations
cylinder shown in FIGS. 1 and 2.
identically poled in a radical direction relative to
To magnetize the slices they are placed in the field of
said axis and their pole strengths to be substantially
an electromagnet which induces a permanent magne
equal, to cause substantially the entire surface of
tism into the slice 10a with the pole faces on the inner
said circumferential segments of said bore to be
and outer surfaces 28, 29. The electromagnet 30 is 15
come identically and substantially uniformly poled
shown with one coil turn, but obviously it may include
magnetic pole faces of said segments.
many more turns to produce the required field intensity.
A permanent magnet as recited in claim 1 wherein
The electromagnet 30 is energized, for example, from a said2. structure
is divided between said segments substan
DC energy source 32.
tially
by
planes
defined by radii from said axis and by
The bearing of this invention, because of a radially 20
directed internal magnetization, is a simplified bearing said3. axis.
A permanent magnet as recited in claim 1 wherein
which adequately confines the ferrofluid without leak the outer
surface of said magnet structure is substan
ling.
tially circularly cylindrical.
Although a description of a typical apparatus and
4. A permanent magnet as recited in claim 3 wherein
method of this invention is shown in the Figures and 25 said outer and inner surfaces are substantially concen
described above, it is not intended that the invention tric about said axis, and the internal magnetizations of
shall be limited by that description alone, but only to said segments are identically poled and radial of said
gether with the accompanying claims.
axis to cause said entire inner cylindrical surface of said
What is claimed is:
structure to be a different polarity magnetic pole piece
1. A permanent magnet comprising:
30 of said magnet than the magnetic polarity of said outer
a two-poled permanent magnet structure having a cylindrical surface.
it
k
sk
circularly cylindrical bore therethrough, the inte
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